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ABSTRACT—An identification key is presented for the members of the lichen families 
Pyrenulaceae and Trypetheliaceae in Vietnam. Eight pyrenocarpous species (in 
Anthracothecium, Astrothelium, Lithothelium, and Pyrenula) collected from Nam Cat Tien 
National Park, are new records for Vietnam. Taxonomic characters of the species are given 
along with ecology, distribution, and illustrations. 
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Introduction 

Pyrenocarpous lichens in the tropics belong mainly to the families 
Porinaceae, Pyrenulaceae, Strigulaceae, and Trypetheliaceae and are among the 
major constituents of epiphytic lichen communities in primary rain forests 
(Aptroot 2009). Although little remains of Vietnams primary forests, the 
protected areas, reserve forests, and national parks still conserve significant 
stretches of old-growth rain forests, particularly in the southern part of the 
country. The present inventory is the result of ongoing research conducted in 
Nam Cat Tien National Park situated in southern Vietnam and provides new 
records of eight pyrenocarpous lichens in Trypetheliaceae and Pyrenulaceae for 
Vietnam. Both families have been the focus of increasing global interest in recent 
years. Currently, 234 species in 11 genera are accepted in Pyrenulaceae, and 418 
species in 15 genera in Trypetheliaceae (Aptroot 2012, Aptroot & Lücking 2016, 
Lücking et al. 2016). From Vietnam 24 species of Pyrenulaceae have been 
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recorded: Anthracothecium macrosporum (Hepp) Müll. Arg., A. prasinum 
(Eschw.) R.C. Harris; Pyrenula aggregata (Fée) Fée, P anomala (Ach.) Vain., 
P aspistea (Ach.) Ach., P. balia (Kremp.) R.C. Harris, P. breutelii (Müll. Arg.) 
Aptroot, P brunnea Fée, P. duplicans (Nyl.) Aptroot, P. fetivica (Kremp.) Müll. 
Arg., P. mamillana (Ach.) Trevis., P. massariospora (Starbáck) R.C. Harris, 
P. microcarpa Müll. Arg., P. nitidella (Schaer.) Müll. Arg., P. nitidula (Bres.) 
R.C. Harris, P. ochraceoflava (Nyl. R.C. Harris, P. parvinuclea (Meyen & 
Flot.) Aptroot, P. pyrenuloides (Mont.) R.C. Harris, P. quassiicola (Fée) Fée, 
P scutata (Stirt.) Zahlbr., P sexlocularis (Nyl.) Müll. Arg., P. subglabrata 
(Nyl.) Müll. Arg., P. sublaevigata (Patw. & Makhija) Upreti, P. thelemorpha 
Tuck.—while 16 species have been recorded in Trypetheliaceae: Astrothelium 
aeneum (Eschw.) Aptroot & Lücking, A. cinnamomeum (Eschw.) Müll. Arg., 
A. clypeatum Aptroot & Gueidan, A. megaspermum (Mont.) Aptroot & Lücking, 
A. nitidiusculum (Nyl.) Aptroot & Lücking, A. phlyctaena (Fée) Aptroot & 
Lücking [= Trypethelium ochroleucum (Eschw.) Nyl.], A. porosum (Ach.) 
Aptroot & Lücking, A. variolosum (Ach.) Müll. Arg.; Bathelium albidoporum 
(Makhija & Patw.) R.C. Harris, B. lineare (C.W. Dodge) R.C. Harris, 
B. porinosporum Lücking et al.; Nigrovothelium tropicum (Ach.) Lücking et al.; 
Trypethelium eluteriae Spreng., T. epileucodes Nyl., T. infraeluteriae Aptroot 
& Gueidan, T. krempelhuberi Makhija & Patw. (Aptroot & Sparrius 2006, 
Aptroot 2012, Aptroot et al. 2016, Lücking et al. 2016). 

In addition to some previously reported species, we examined some 
interesting pyrenocarpous lichens that we report here as new Vietnamese 
records: — Anthracothecium ^ interlatens, ^ Astrothelium  galligenum, 
A. inspersogalbineum, A. subaequans, Lithothelium obtectum, Pyrenula 
circumfiniens, P. laetior, and P. mastophora. An artificial key to all known 
species in Vietnam representing Pyrenulaceae and Trypetheliaceae is also 
presented. 


Materials & methods 

The Vietnamese material was collected by Dr. J.-S. Hur and J.J. Woo in December 
2015 from the lowland areas in southern Vietnam having warm and humid preserved 
forests with a sub-oceanic climate. The material was deposited in the lichen herbarium 
of the Korean Lichen Research Institute, Suncheon, South Korea (KoLRI), and studied 
in the Lichenology laboratory of CSIR-National Botanical Research Institute, Lucknow, 
India. The morphological characters were identified and measured using a MSZ-TR 
dissecting microscope and a Leica DM 500 compound microscope. Standard protocols 
were followed to analyse chemistry (Orange et al. 2010). Amyloidity (I+ or I-) of 
internal structures was tested using Lugol's solution. Images were taken using a Zeiss 
Axiocam ERc5s and Al(AX10) microscope. The key includes some characters that 
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were not apparent in our specimens but were derived mainly from Upreti (1991, 1998), 
Aptroot et al. (2008), Aptroot (2012), and Aptroot & Liicking (2016). 


Taxonomy 


Anthracothecium interlatens (Nyl.) Aptroot, Lichenologist 44: 35, 2012. PL. 1A 
Thallus epi- to endoperidermal, pale green to fawn, corticate, continuous, 
matt to slightly glossy, reflecting bark texture, delimited by blackish prothallus, 
100-120 um thick; cortex 50-60 um thick; photobiont trentepohlioid, layer 
distinct, <50 um thick; medulla not apparent; perithecia semi-immersed to 
emergent, black, scattered to aggregate with shared ostiole, 0.5-0.7 mm in 
diam.; perithecial wall complete, carbonized, 45-80 um thick; ostiole apical, 
0.071-0.1 mm in diam; hamathecium hyaline, clear, with unbranched filaments; 
asci 2-spored, 200-230 x 45-52 um, I-; ascospores mostly hyaline to grayish at 
maturity, oblong to slightly curved, muriform, 100-132 x 32-42 um, I-. 

CHEMISTRY—No lichen substances present. 

DISTRIBUTION & ECOLOGY—Pantropical (Aptroot 2012). In Vietnam, the 
species was found growing in association with Ocellularia spp. in irregular 
patches on uneven bark surfaces. 

SPECIMEN EXAMINED: VIETNAM. DoNG Nai PROVINCE: Tan Phu district, Cat 

Tien National Park, forest red soil area, 11?2420"N 107?17'19"E, alt. 256 m, on bark, 

17 December 2015, Hur & Woo VN150006 (KoLRI). 
REMARKS—Anthracothecium gregale (C. Knight) Aptroot is morphologically 
close but produces 6-8-spored asci (Aptroot 2012). Only a small amount of 
A. interlatens was collected in only a small amount from the national park, but 
the Vietnamese specimen was easily identifiable. 


Astrothelium galligenum (Aptroot) Aptroot & Lücking, 
Lichenologist 48: 861, 2016. PL. 1B 


Thallus epiperidermal, pale greenish gray to greenish gray, smooth, 
continuous, glossy, delimited by blackish prothallus, <180 um thick; cortex 
distinct, continuous, 50-60 um thick; photobiont trentepohlioid, layer distinct, 
continuous, 40-50 um thick; medulla white crystalline, reaching <70 um; 
ascomata immersed to slightly emergent, trypethelioid, scattered, solitary to 
slightly confluent, 0.2-0.3 mm in diam., pseudostromatic; pseudostromata 
off-white, irregular in shape; ostiole apical, black, 0.01-0.03 mm in diam.; 
perithecial wall complete, carbonized, 90-100 um thick hamathecium hyaline, 
inspersed with oil droplets, with anastomosing filaments; asci 8-spored, 140- 
170 x 20-30 um, I-; ascospores uni- to biseriate, fusiform, hyaline, transversely 
7-8-septate with diamond shaped lumina, 40-47 x 10-12 um, I-. 
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CHEMISTRY—Thallus and ascomata UV-, hamathecium oil droplets 
K+ purple; anthraquinone present. 

DISTRIBUTION & ECOLOGY—Eastern Palaeotropics (Aptroot & Liicking 
2016). This species is apparently rare in the national park, where it was 
growing in association with Bathelium mastoideum and Sarcographa spp. 
on trees with somewhat undulating thick smooth bark. 

SPECIMEN EXAMINED: VIETNAM. Donec Nai PROVINCE: Tan Phu district, Nam Cat 

Tien National Park, in forest red soil area, 11?23'49"N 107°17’38’E, alt. 206 m, on bark, 

17 December 2015, Hur & Woo VN150125 (KoLRI). 
REMARKS—Astrothelium ubianense (Vain.) Aptroot & Lticking is similar, 
but has a clear hamathecium and lacks anthraquinone (Aptroot & Lticking 
2016). 


Astrothelium inspersogalbineum Aptroot & Weerakoon, 
Lichenologist 48: 618, 2016. Bric 


Thallus epiperidermal, greenish gray to yellowish green, smooth, 
continuous, glossy, delimited by blackish prothallus, 100-150 um thick; 
cortex distinct, 30-40 um thick photobiont trentepohlioid, layer distinct, 
continuous, 50-60 um thick; medulla endoperidermal; ascomata emergent, 
trypethelioid, scattered, solitary to slightly aggregate then open by a 
common ostiole, mostly covered by thallus, 0.6-0.7 mm in diam.; ostiole 
apical to slightly eccentric, black, 0.08-0.1 mm in diam.; perithecial wall 
complete, carbonized, 100-150 um thick laterally, reaching <350 um basally; 
hamathecium hyaline, inspersed with oil droplets, with anastomosing 
filaments, placed deep into the ascomata; asci 8-spored, 40-50 x 10-12 um, 
I-; ascospores mostly uniseriate, fusiform, hyaline, transversely 3-septate 
with diamond shaped lumina, 20-22 x 7-9 um, I-. 

CHEMISTRY—'Thallus and ascomata UV+ yellow, K+ purple; 
lichexanthone and anthraquinone present. 

DISTRIBUTION & ECOLOGY— This is only the second report of this taxon, 
originally described from Singapore (Aptroot et al. 2016). In Vietnam, it 
was growing luxuriantly in association with Bathelium mastoideum on 
thick smooth-barked trees. 

SPECIMEN EXAMINED: VIETNAM. Done Nai PROVINCE: Tan Phu district, Nam Cat 

Tien National Park, in forest red soil area, 11?23'36"N 107?17'56"E, alt. 181 m, on bark, 

17 December 2015, Hur & Woo VN150126 (KoLRI). 
REMARKS— This species is close to Astrothelium macrocarpum (Fée) Aptroot 
& Lücking, which differs in its clear hymenium and pseudostromatic 
ascomata (Aptroot 2012). Our Vietnamese A. inspersogalbineum specimen, 
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with a K+ purplish thallus, differs slightly from the K- holotype (Aptroot 
& Liicking 2016). 


Astrothelium subaequans Müll. Arg., Bot. Jahrb. Syst. 6: 383, 1885. PL. 1D 

Thallus epiperidermal, olive green, bullate, uneven, hard, continuous, dull 
to + glossy, delimited by blackish prothallus, 200-300 um thick, photobiont 
trentepohlioid, layer distinct, continuous, 40-50 um thick; medulla white, 
crystalline, 200-350 um thick; ascomata astrothelioid, scattered, solitary to 
aggregate and pseudostromatic, covered by thallus, surrounded by yellow- 
orange pigments, 0.7-1 mm in diam.; ostiole slightly eccentric, black, 
0.5-0.1 mm in diam.; perithecial wall complete, carbonized, laterally 
100-130 um thick and basally reaching <600 um, separated from the thallus 
by a slit; hamathecium hyaline, clear with anastomosing filaments, placed 
deep into the ascomata; asci 8-spored, 145-155 x 40-47 um, I-; ascospores 
biseriate, oval, hyaline, muriform, 60-65 x 18-21 um, I-. 

CHEMISTRY— Thallus UV-, ascomata UV+ reddish, pigment K+ purple; 
anthraquinone present. 

DISTRIBUTION & ECOLOGY— Previously known from the Neotropics 
(Aptroot 2016). In Vietnam, the species was growing richly in large patches 
on trees with thick and hard bark. 

SPECIMEN EXAMINED: VIETNAM. Dong Nai PROVINCE: Tan Phu district, Nam Cat 

Tien National Park, in forest red soil area, 11?24'20"N 107?17'19"E, alt. 256 m, on bark, 

17 December 2015, Hur & Woo VN150054 (KoLRI). 
REMARKS— This species is close to Astrothelium praetervisum (Müll. Arg.) 
Aptroot & Lücking, which differs in producing pseudostromatic ascomata 
(Aptroot & Lücking 2016). Our Vietnamese A. subaequans specimen is 
characterized by distinctly muriform ascospores that differ slightly from 
the submuriform ascospores described by Aptroot & Lücking (2016). 


Lithothelium obtectum (Müll. Arg.) Aptroot, 
Biblioth. Lichenol. 44: 62, 1991. PEE 


Thallus epiperidermal, grayish green, corticate, continuous, dull to 
slightly glossy, delimited by black prothallus, <100 um thick; cortex 20-30 
um thick; photobiont trentepohlioid, layer 40-50 um thick; medulla not 
apparent; perithecia emergent, black, irregularly in shape to shortly elongate, 
numerous, solitary to aggregated in groups of 2-3 joint together with fused 
ostiole, 0.2-0.7 mm long; ostiole eccentric to laterally placed, 0.05-0.1 mm in 
diam.; perithecial wall complete, carbonized, 90-100 um thick; hamathecium 
hyaline, clear, with unbranched filaments; asci 8-spored, 60-90 x 8-12 um, 
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I-; ascospores uniseriate, fusiform, hyaline, transversely 3-septate, 10-15 x 
3-4 um, I-. 

CHEMISTRY—No lichen substances present. 

DISTRIBUTION & ECOLOGY—Pantropical (Aptroot et al. 2008). In Vietnam, 
the species was collected from hard, rather rough-barked trees, where it was 
growing luxuriantly with crustose lichen taxa, probably Graphidaceae. 

SPECIMENS EXAMINED: VIETNAM. DoNG Nai PROVINCE: Tan Phu district, Nam Cat 

Tien National Park, near Crocodile lake, 11°27’25”N 107°21'4’E, alt. 156 m, on bark, 19 

December 2015, Hur & Woo VN150400, VN150402 (KoLRI). 
REMARKS— The examined specimen differs from the type of Sagedia obtecta 
Müll. Arg. (especially in thallus formation and number of fused ascomata). 
It is possible that the ecorticate thin thallus and solitary ascomata describing 
the type are features taken from a damaged specimen with an eroded thallus. 
Lithothelium decumbens (Müll. Arg.) Aptroot is close to L. obtectum but differs 
in producing brown ascospores (Aptroot 2012). 


Pyrenula circumfiniens Vain., 
Ann. Acad. Sci. Fenn., Ser. A, 6(7): 195, 1915. Pr. 1F 


Thallus epiperidermal, olive green to dark green, corticate, continuous, 
glossy, delimited by black prothallus, 100-150 um thick; cortex 40-60 um 
thick; photobiont trentepohlioid, layer 50-70 um thick; medulla not apparent; 
perithecia semi-immersed, black, numerous, solitary to sometimes aggregated 
in 2-3 groups, 0.3-0.5 mm in diam.; ostiole eccentric to laterally placed 
in different directions, 0.01-0.2 mm in diam.; perithecial wall complete, 
carbonized, 90-100 um thick; hamathecium hyaline, clear, with unbranched 
filaments; asci 8-spored, 60-90 x 8-12 um, I-; ascospores uniseriate, fusiform, 
gray brown, transversely 3-septate, terminal lumina directly against the 
exospores wall, 13-18 x 4-6 um, I-. 

CHEMISTRY—No lichen substances present. 

DISTRIBUTION & ECOLOGY—Pantropical (Aptroot 2012). In Vietnam, 
Pyrenula circumfiniens was flourishing well around trees having wide girth. 
[he species was spread largely in irregular patches and intermingled marginally 
with other pyrenocarpous lichens. 

SPECIMEN EXAMINED: VIETNAM. Done Nai PRovINCE: Tan Phu district, Nam Cat 

Tien National Park, near rock stream, 11?26/39"N 107?24'22"E, alt. 160 m on bark, 

18 December 2015, Hur & Woo VN150250 (KoLRI). 
REMARKS— Ihe ascospore sizes in our sample are somewhat close to those in 
Pyrenula elliptica Müll. Arg., which is distinguished by its slightly larger (15-18 x 
6-8 um) ascospores and distribution restricted to the Neotropics (Aptroot 2012). 
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Pyrenula laetior Müll. Arg., Bot. Jahrb. Syst. 6: 413, 1885. PL. 1G 

Thallus epi- to endoperidermal, brownish green to reddish brown, corticate, 
continuous, + dull, delimited by black prothallus, <100 um thick; cortex 20-25 
um thick; photobiont trentepohlioid, layer <30 um thick; medulla indistinct, 
mostly endoperidermal; perithecia semi-emergent, black, numerous, simple 
to aggregate, 0.2-0.3 mm in diam.; ostiole apical, 0.05-0.07 mm in diam.; 
perithecial wall complete, carbonized, 50-80 um thick; hamathecium hyaline, 
inspersed with oil droplets, with unbranched filaments; asci 8-spored, 
40-60 x 8-6 um, I-; ascospores uniseriate, fusiform, gray brown, transversely 
3-septate, terminal lumina separated from the exospore wall by endospore 
thickening,13-15 x 4-6 um, I-. 

CHEMISTRY —No lichen substances present. 

DISTRIBUTION & ECOLOGY—Previously known from the Neotropics 
(Aptroot 2012). In Vietnam, the species is found on thin papery bark flaking 
away from tree trunks. 

SPECIMEN EXAMINED: VIETNAM. Dong Nai PROVINCE: Tan Phu district, Cat Tien 
National Park, forest red soil area, 11?24/23"N 107?17'40"E, alt. 288 m, on bark, 17 
December 2015, Hur & Woo VN150083 (KoLRI). 
REMARKS—Pyrenula subglabrata, previously reported from Vietnam, is 
morphologically similar to P. laetior but can be distinguished by its longer 
(18-20 um) ascospores (Aptroot 2012). Our material, which produces very 
short (<15 um) ascospores fits well within the range of the new world Pyrenula 
laetior. 


Pyrenula mastophora (Nyl.) Müll. Arg., Flora 66: 426, 1883. PL. 1H 


Thallus epiperidermal, green to grayish green, corticate, continuous, 
smooth, delimited by a black prothallus, <150 um thick; cortex 35-40 um 
thick; photobiont trentepohlioid, layer <45 um thick; medulla indistinct; 
perithecia semi-immersed to semi-emergent, initially covered by thallus, black, 
numerous, scattered, 0.5-0.8 mm in diam.; ostiole apical, indistinct to 0.5 mm 
in diam.; perithecial wall complete, carbonized, 60-90 um thick; hamathecium 
hyaline, clear, with unbranched filaments; asci 8-spored, 150-160 x 20-26 um, 
I-; ascospores mostly uniseriate, fusiform, gray brown, transversely 3-septate, 
terminal lumina separated from the exospore wall by endospore thickening, 
28-32 x 11-13 um, I-. 

CHEMISTRY—No lichen substances present. 

DISTRIBUTION & ECOLOGY—Pantropical (Aptroot 2012). The Vietnamese 
specimen broadly colonized on trees with thick smooth bark. 
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SPECIMEN EXAMINED: VIETNAM. Done Nai PROVINCE: Tan Phu district, 

Nam Cat Tien National Park, near rock stream, 11?26'35"N 107?24'19"E, alt. 

150 m on bark, 18 December 2015, Hur & Woo VN150216 (KoLRI). 
REMARKS—Pyrenula quassiicola is similar but is distinguished from 
P mastophora by its partly immersed perithecia and thallus producing 
pseudocyphellae (Aptroot 2012). 


Key to species in Pyrenulaceae and Trypetheliaceae 
recorded from Vietnam 


es po SDN TUCKER EE tially S COELI LOL 2 
I ASCOSPORESIPIEMENE AS ... sco ean Sea te syste Saco dee eese eus p RU TRU TE 21 
2XASCOSPOrESTANS VERSENE PEALE, 5. onen mew rp STen Car ere Rr pam aS 3 
DNSCOSDSIESIDIIBEMSIDOS tectus e nee trece ete eH DE EE 19 
3. Ascospore lumina rectangular to oval at maturity ........ eret termo 4 
Sx Ascosporeluminadiamond:shaped mo aon EID sea Gile oo ee E EE e 10 
4. Ascospores 3-septate, 10-15 x 3-4 um; ostiole lateral ...... Lithothelium obtectum 
4: Ascospõres>3-septate; ostioleapical oiera iee imen ai Eri Ee aea rm xk 5 
5. Ascomata solitary toünregularly confluent ocsi 6.205.060 ru se cence e wras 6 
5 Scoti PSeEuUdosSEOMmatiC =. s.ore patie MM nea ME DM A sete ea 7 
6. Ostiole usually white pruinose; ascospores transversely 5-7-septate, 

Das DEIGEN. oi seas oe Oe cea neo TOR ES Bathelium albidoporum 
6. Ostiole non-pruinose; ascospores transversely 3—5-septate, 

2020P GIBT Ue aros eo 3A ees dete efto Bathelium porinosporum 
7. Pseudostromata lacking anthraquinone (all white with small dark ostiole spots; 

ascospores 5-13-septate, 30-60 x 5-13 um) ........... Trypethelium epileucodes 
7 Pseudostromdt ao ith an BE MOO cout le e mer v ever Pees Oe PES UE 8 


8. Ostiolar area broad, disc shaped with margins producing 
black papillae arranged in circular shapes 


(ascospores 13-15-septate, 59-72 x 13-15 um) .... Trypethelium krempelhuberi 
8 Ostiolar area narrow, vistbleras simall-dots coso becky reete extr eet eas 9 
9. Pseudostromata immersed to erumpent; 

ascospores 7-9-septate, 37-42 x 9-11 um ......... Trypethelium infraeluteriae 
9. Pseudostromata prominent to sessile; 

ascospores 9-13-septate, 37-52 x 8-11 um ............ Trypethelium eluteriae 


PLATE. 1. Specimens of pyrenocarpous lichens from Vietnam. A. Anthracothecium interlatens 
(KoLRI VN150006); B. Astrothelium galligenum (KoLRI VN150125); C. A. inspersogalbineum 
(KoLRI VN150126); D. A. subaequans (KoLRI VN150054); E. Lithothelium obtectum (KoLRI 
VN150400); F. Pyrenula circumfiniens (KoLRI VN150250); G. P. laetior (KoLRI VN150083); 
H. P mastophora (KoLRI VN150216). Scale bars: 1 mm. 
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10. Ascospores 7-8-septate (40-47 x 10-12 um) .......... Astrothelium galligenum 
ID A SCOBDIOID NS BC BEER oen reris epu Ue orte Eee rk NEEDED E ES 11 
I1. Hamatheeiunittiesporced: with oil droplets. voice sise eis se eR wanes a tes 12 
LP Flaimiatheciúmteleate Career. ais emer ai sh T EAE E wan aa 14 


12. Ostiole lateral (ascospores 20-22 x 7-9 um; 


anthraquinone and lichexanthone present) .... Astrothelium inspersogalbineum 
plc cione UM E T DE M E TN 13 
13. Ascomata solitary; ascospores 17-27 x 7-10 um; 

anthraquinone and lichexanthone both absent ........ Astrothelium clypeatum 
13. Ascomata diffusely pseudostromatic; ascospores 17-27 x 7-10 um; 

anthraquinone present, lichexanthone absent .......... Astrothelium porosum 
IE OE cilisis it coi MT PON CURE M I S E IDE Ope o 15 
POS le laterali ertt er sis al ive e eu Nl t es ge a SAS 18 
15. Ascomata distinctly pseudostromatic (ascospores 15-27 x 7-10 um; 

anthraquinone absent, lichexanthone present) ....... Astrothelium phlyctaena 
15. Ascomata solitary to irregularly confluent or diffusely pseudostromatic ....... 16 
16. — Ascomata solitary to diffusely pseudostromatic; anthraquinone present, 

lichexanthone absent (ascospores 20-27 x 7-10 um)..... Astrothelium aeneum 
16. Ascomata solitary to irregularly confluent or crowded; anthraquinone and 

lichexanthone bothabseriti oc c e M LIMEN Ld eie 17 
17. Ascomata sessile, fully exposed, barrel-shaped, black; 

ascospores 70-75 X Z— TONER. eco mena sl dheasa, Nigrovothelium tropicum 
17. Ascomata erumpent with broad white area surrounding the ostiole 

or entirely white; ascospores 15-27 x 7-10 um..... Astrothelium nitidiusculum 
18. Ascospores 20-26 x 7-9 um; 

lichexanthone present, anthraquinone absent ........ Astrothelium variolosum 
18. Ascospores 23-30 x 6-10 um; 

lichexanthone absent, anthraquinone present ..... Astrothelium cinnamomeum 
19. Ascospore lumina rectangular to oval at maturity 

QUEM EU GI REED NT. ME EE Bathelium lineare 
I9PAscospore lumina diamond shaped cfu sa: ese rer eer me ERR 20 
20. Ostiole apical; hamathecium inspersed with oil droplets; ascospores mostly 4/ascus, 

140-220 x 30-75 um; anthraquinone absent ....... Astrothelium megaspermum 
20. Ostiole lateral; hamathecium clear; ascospores 8/ascus, 

60-65 x 18-21 um; anthraquinone present .......... Astrothelium subaequans 
2] Ascosporestransversely septate. suoneria eet e er Es «Y die assa ES ERR 22 
2I TASCOSPOrES MULLO LIIN S. te esc meme a tre a Wo sie VEM Me, Loc NS 39 


22. Ostiole lateral, pointing in different directions 
(ascospores 3-septate, 13-18 x 4-6 um)............... Pyrenula circumfiniens 
ZZ SOS OVS AIG a lect es alls ot Th P OR dak Tr MIs oe a E t Ap oleae 23 
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23. Ascospores 4—7-septate, with orange oil at maturity 


(24-32 x 10-15 um; thallus pseudocyphellate) .......... Pyrenula sexlocularis 
255 Ascospores O SEDES va oss 4 so ONUS S Sern Gs RENE NETTE ORA TER MISSAE 24 
24. Ascomata mostly aggregate with fused walls but with separate ostioles 

(pseudostromatic) (ascospores 15-20 x 6-8 um) ........... Pyrenula anomala 
DOPE CSC OMIT UU TOS El coru ae MC T ea eaei 25 
25. Thallus ecorticate (whitish; ascospores 17-25 x 7-11 um) .. Pyrenula microcarpa 
25 Thales e guter e ecce Eee s Ec ME en C E iad acci t D e. 26 
26. Terminal lumina directly against the exdspore tes. sac at x see 5 dn 27 
26. Terminal lumina separated from exospore by thickened endospore wall........ 28 
27. Hamathecium inspersed with oil droplets; 

ascosporesilós 24 OR Ta QUIE sores cese a ene gc laogh, Set Pyrenula fetivica 
27. Hamathecium clear; ascospores 17-22 x 9-12 um ............ Pyrenula nitidula 
28: Hamatheciuminspersed With oil'droplets-. eo 0 ek xe tt n NE 29 
DS ANTI AL VC MTEC LEAT «oy ee rete seas, o rame V S XA PIRE M MU V de 32 
2M SUITES SO ETERNI SITIS enean obese Soha cea de pestem NE E a feith E gha sa ah, 30 
ZUM scomaltaso 7 mp I diana erede soto qu Bosca as gan T RES NUR ER TE 31 
30 Ascospores 13-153 ees eise scere emer ed voe Pyrenula laetior 
30 Ascospores 16-225 TO BYE erben ERE Bante Pyrenula subglabrata 
SPSAScoSpOTCADo-20:04:5—7 3 Met sers RET ng oe ea TES Pyrenula mamillana 
3l- Ascospores 19225 20-9 Im. s 10b eoi ted eer RH ag a igh Pyrenula massariospora 
SA 1Ascosporesmostlyes25 IERI. oo tt sos a 5s nut E eens okie oo Deas EE ee sos 33 
I2 SCOSDOFGSNIIOSU s 2 MMO NOG n, nates succes nU oie covey BERS xe UN MO 34 
33. Thallus pseudocyphellate; ascomata immersed ............. Pyrenula quassiicola 
33. Thallus lacking pseudocyphellae; ascomata emergent ...... Pyrenula mastophora 
34. Ascospores mostly 21-25 um long (ascomata «0.5 mm diam.) ... Pyrenula nitidella 
SATA SCOSDOLE SEA 2 (MINION ON a e oruoced BN ACER REC SEXT AER e oR OARS 35 
Soo SEOs DOLCSUMOSEY <b ION OY Sposa os Belated tete d mama hints Sees 36 
35. Ascosparesumostb l5 MIMOM Sees soc. fait tee tmr be Pelei cae árais) ME 37 
36. ASCOSPOles 4! GMI WIE o5 eis teas ees Eee eile gu Pyrenula aspistea 
2OSASCOSDORGS OG IUN WIALEN sss rece eI pein yd aio nie Nae CORN Pyrenula brunnea 
37 SECU ACAI 4-0.7 Maal ROUES. eere ae einrwse re RESET DE Pyrenula aggregata 
De SG Gara tds OF AMANA INE vole eKits sia eis viele erp rds DRE EN ETT 38 
38. Lumina round, ascospores 18-22 x 6-9 um ................. Pyrenula scutata 
38. Lumina angular, ascospores 19-22 x 7-8 um .............00005- Pyrenula balia 


39. Ascomata mostly aggregated with shared ostiole (astrothelioid) 
(ascospores 100-132 x 32-42 um) s eese Anthracothecium interlatens 
SIPASCOMAtAMNOSUYESTTLE NS cete A Med A E E A END RO NUT 40 
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ADSAISEOS POLES LOD (LIMP LOMO S aeos oe roses eter erm ext ae wine oe sea Ce Mee e teet 41 
dU A scaspoares lOO o TODIBRSS, «cire temere ez uer bev ae PUR EE eee 47 
41. Thallus and ascomata with orange-yellow anthraquinone 

(ascospores L2 2a OL Sq sc aes cin seer eS eae Pyrenula ochraceoflava 
41. Thallus and ascomata lacking anthraguinone 112i onere etu tenete 42 
49 Ascospoóresil2523:x 8-12 dle sceon sus eye seo see eee Pyrenula parvinuclea 
AQEAGEOS OTe S = CONN ONO Ls. oues coquere cei Madey EE Ta Ce S rare HH 43 
43. Mature ascospores filled with orange oil (38-50 x 15-20 um) .. . .Pyrenula breutelii 
43. Matuūre ascospores lacking orangeoil si sss ta it rete eR Pep ete aS 44 
44. Hamathecium inspersed with oil droplets 

(ascospores 30-45 MIONE) e ceu em vost rex yx a Pyrenula sublaevigata 
JAMELUHJIBDECIUDIUGIeA, S cr coc ceu EEUU RE Ie on ens eee aps ERU 45 
45. Ascospores 60-90 x 30-40 Wm... 1... cece cence eens Anthracothecium prasinum 
AS ENSCOSPOLES Oo UNLO SR - e oe Sa asia rie were ae We CM e 46 
46. AscOSpores- Jac doo ESL OAM uses Cour nae ee Pyrenula thelemorpha 
AGeAsCOspotes 45965 15-25 fln. 41. cni toT meam ees Pyrenula pyrenuloides 
47. Thallus pseudocyphellate; ascospores 2 per ascus, 

SES OU EE sco voee dna bes qiue rd dE aper Pyrenula duplicans 
47. Thallus non-pseudocyphellate; ascospores 1-4 per ascus, 

1201603025 I) ioter ee ra Anthracothecium macrosporum 
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